Trends since 1980 for calving age and calving interval, 2 factors that influence herd life, were examined by parity for 5 breeds of US dairy cattle. Calving data were from cows with records that passed edits for USDA genetic evaluations and were in herds that remained on Dairy Herd Improvement test. First-calf heifers calved at progressively younger ages over time, but the age decline was less for later parities because of longer calving intervals. Breed differences for calving age were evident for all parities; current mean age at first calving ranged from 24 mo for Jerseys to 28 mo for Ayrshires. Mean calving age across all parities declined over time for all breeds, primarily because of increased turnover rate, and ranged from 48 mo for Holsteins to 54 mo for Ayrshires. Across parity, annual increase in calving interval was reasonably consistent (0.90 to 1.07 d/yr) for all breeds except Jersey (0.49 d/yr). Within parity, regressions of calving interval on year were generally similar to overall breed trend. Breed means for first calving interval across time ranged from 390 d for Jerseys to 407 d for Brown Swiss.
INTRODUCTION
The productive life of a dairy cow is an indication of her utility and is influenced by her age at first calving, calving intervals, length of each lactation, and success in surviving to another lactation. Age at first calving includes the period that a cow needs to reach maturity and to reproduce for the first time; calving intervals reflect the periods that a cow reproduces again. Dairy cows that fail to conceive are destined for early culling. These indicators of reproductive success impact the economic outcome of the dairy enterprise (VanRaden and Klaaskate, 1993; Gröhn and Rajala-Schultz, 2000) . Nevertheless, each trait is influenced extensively by dairy management practices. Nieuwhof et al. (1989b) provided a comprehensive examination of calving ages throughout the lifetime of US dairy cows that first calved between 1966 and 1976. They found that age at calving for each parity was relatively stable across those 11 yr except for significant (P < 0.05) increases in age for Guernseys and Holsteins after third parity. Some increased ages at calving in later parities might have resulted from a negative genetic correlation between production and reproductive traits as selection for production traits was extensive during this period (Animal Improvement Programs Laboratory, 2005) . For individual parities, Jerseys were youngest, whereas Ayrshires and Brown Swiss were oldest. However, when parity was not considered, mean calving age was lowest for Guernseys and highest for Brown Swiss. Mean calving age across parities declined for Brown Swiss and Guernseys, but increased for Jerseys, which reflected changes in survival rates (Nieuwhof et al., 1989a) . Three USDA studies (USDA, 2002b) on dairy health and management practices were compiled based on data from US herds in 1991, 1996, and 2002 that represented 83 to 85% of US cows. Mean age at first calving within herd declined slightly from 25.9 mo in 1991 to 25.4 mo in 2002 and declined from 25.8 to 25.0 mo when weighted for cow numbers. Mean age at first calving in 2002 was inversely related to herd size (USDA, 2002a) and within herd was 25.5 mo when herd size was <100 cows but only 24.6 mo when herd size was ≥500 cows. Other studies have reported decreasing ages at first calving for dairy populations in The Netherlands (Nederlands Rundvee Syndicaat, 2005) and Spain (Gonzá lez-Recio et al., 2004) . Nieuwhof et al. (1989b) (USDA, 2002a) ; mean calving interval within herd was 13.2 mo for herds with <100 cows and 13.7 mo for herds with ≥500 cows. Selection for high milk yield in dairy cattle generally is accompanied by a decline in fertility (Lucy, 2001) . Increases in calving intervals over time have been reported recently in dairy populations in many countries, (Wall et al., 2003) . A genetic evaluation for productive life was introduced in 1994 for bulls and in 1995 for cows. Productive life was defined as the lactating period of a cow to 84 mo, but credit for DIM was restricted to the first 305 d of each lactation (VanRaden and Klaaskate, 1993) . In 2003, USDA introduced genetic evaluations for daughter pregnancy rate (VanRaden et al., 2004) , which provided a ranking that was equivalent to days 
MATERIALS AND METHODS
Lactation records from the national dairy database at the Animal Improvement Programs Laboratory, USDA (Beltsville, MD), were used to determine calving ages and intervals across time within breed for Ayrshires, Brown Swiss, Guernseys, Holsteins, and Jerseys. Only records from cows with an identified sire and a calving date after December 31, 1979, were included in the analysis. Calving age for each parity was calculated as the difference between birth date and calving date of the cow. Records for a cow were excluded if calving age was <15 mo or >300 mo. Calving interval was calculated as the difference between calving dates from successive parities and was restricted to 270 to 650 d. Frequencies of age at first calving were compared between 1980 and 2004 to determine whether the variation had changed over time.
Records that were analyzed by parity had additional edits to ensure that data from all of the parities of the cow were present. Those edits excluded records of cows that first calved after 36 mo of age and cows that changed herds. In analysis of calving intervals, herds were required to have remained on DHI test for 650 d after a cow's calving date to prevent inclusion of only short calving intervals.
To determine whether trends in calving ages or intervals were significant with respect to year of first calving, linear and quadratic regressions were calculated, and standard errors and coefficients of determination were compared within breed. (Table 2 ). Jerseys had the lowest mean calving age for first parity (25.6 mo), followed by Holsteins (26.9 mo), Guernseys (27.7 mo), Brown Swiss (28.0 mo), and Ayrshires (28.9 mo). Breed rankings remained the same through fourth parity. The only ranking change for parities after fourth was between Ayrshires and Brown Swiss. First parity calving age has declined since the study of Nieuwhof et al. (1989b) ; the largest decreases were slightly longer than 1 mo for Holsteins and Jerseys. Declines for Ayrshires, Brown Swiss, and Guernseys were between 0.5 and 0.7 mo. Not surprisingly, those decreases in age at first calving for DHI cows parallel the decline (0.5 mo within herd and 0.8 mo across cows) that was reported through USDA surveys in 1991 (USDA, 2002b . The decreases might represent earlier maturity from better calf-raising practices or from intense selection for high milk yield during early parities. Similar reductions in age at first calving were also found in The Netherlands (Nederlands Rundvee Syndicaat, 2005) and Spain (Gonzá lez-Recio et al., 2004) .
RESULTS AND DISCUSSION
Coefficients for linear regression of calving age on year of first calving and standard errors are presented in Table 3 by breed and parity. Regression coefficients were negative for the first 2 parities of all 5 breeds and for all 8 parities of Holsteins and Jerseys. Almost all (16 of 18) of the remaining regression coefficients within parity for Ayrshires, Brown Swiss, and Guernseys were positive. All regressions of calving age on year of first calving were significant (P < 0.01) except for fourth through eighth parities of Brown Swiss and for third parity of Guernseys. The majority of regressions (29 of 40) for individual parities and all regressions across parity were significant at P < 0.001. Quadratic regressions (not shown) were compared with linear regressions. Quadratic regressions generally produced higher R 2 than did linear regressions for predicting change in calving age over time within and across parity, particularly for Holsteins and Jerseys. Inclusion of both linear and quadratic coefficients was beneficial for all breeds except Guernsey. Nieuwhof et al. (1989b) indicated that differences in means for calving ages underestimated corresponding differences in means for calving intervals. They attributed this finding to culling, which resulted in inclusion of data from different cows in the parity means for the 2 traits. Therefore, means for calving intervals should not be derived from differences in means for calving ages (such as those presented in Table 2 ). Cows continued to initiate lactations at younger ages during the 1980s and 1990s. Calving age by year of first calving is depicted in Figure 1 for parity 1 and in Figure 2 for parity 2. For 2004, age at first calving ranged from 24.1 mo for Jerseys to 28.3 mo for Ayrshires. Age at second calving declined less than age at first calving for all breeds. Mean calving intervals are presented in Table 4 by breed and parity. Over all parities, Jerseys had the Nieuwhof et al. (1989b) by 2 to 10 d for all breeds; the smallest increases (2 to 3 d) were noted for Jerseys, and the largest increases (6 to 10 d) were noted for Guernseys and Holsteins. The trend for longer calving intervals confirms that observed in USDA studies (USDA, 2002b) between 1991 and 2002 that calving interval has been increasing in all herds and is in agreement with those in most major dairy countries that select for higher milk and component yields (Lucy, 2001; Murray, 2003; Wall et al., 2003; Gonzá lez-Recio et al., 2004; Nederlands Rundvee Syndicaat, 2005) .
Calving intervals continued to increase throughout the 1980s and 1990s. Calving interval by year of first calving is presented in Figure 4 for the interval between first and second parities and in Figure 5 for the interval between second and third parities. The interval be- tween first and second parities ranged from 399 to 419 d across breeds for 1998. The interval between second and third parities was shorter than the first calving interval for Ayrshires and Jerseys, but the second calving interval was similar to the first for other breeds. The longer calving intervals in recent years offset much of the effect of younger calving ages observed for first parity (Figure 1) .
Linear regressions of calving interval on year of first calving (Table 5) were positive and significant (P < 0.001) across most parities for all breeds. Within parity, regressions of calving interval on year of first calving were positive and significant (P < 0.001) for the first 6 calving intervals for all breeds and for the seventh calving interval for 2 breeds. When quadratic regressions (not shown) were compared with linear regressions, linear regressions produced higher R 2 for 30 of 40 breedparity tests. Only for a few tests did inclusion of both linear and quadratic coefficients provide an appreciable increase in R 2 above that from either linear or quadratic regression, even though the coefficients were sometimes significant (P < 0.05) because of the large number of observations. When parity was not considered, annual increases in calving interval were fairly consistent 
CONCLUSIONS
Younger ages at first calving and longer calving intervals have continued with time for all breeds. The decline in calving age across years observed for early parities has not always carried throughout later parities because of increased calving intervals. First calving age ranged from 24 mo for Jerseys to 28 mo for Ayrshires in 2004. Mean calving age ranged from 48 mo for Holsteins to 54 mo for Ayrshires in 2004. Means across years indicate that the age of the dairy population is declining, most likely because of higher culling rates. Mean calving interval across parity was shortest for Jerseys (390 d) and longest for Brown Swiss (407 d). The trend for longer calving interval has continued and was similar (0.90 to 1.07 d/yr) for all breeds except Jersey (0.49 d/yr). Perhaps the availability of genetic evaluations for daughter fertility will alter this trend. 
